ABSTRACT This study used data from the Moroccan national survey in 2000 to identify the principle risk factors for hypertension in a representative sample of the population age 20+ years. The risk of hypertension increased steadily with age and was higher among rural residents (OR = 1.42) and those with diabetes (OR = 1.72). The risk increased with increased body mass index, waist size and hypercholesterolaemia. The risk of hypertension decreased by 36% and 46% respectively for those who walked 30-60 min and > 60 min daily. Consumption of fish and fresh fruits 1+ times per week was associated with a lower risk. Among those with hypertension, only 21.9% were previously diagnosed and 8.8% were under medical treatment. 
٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬

Introduction
It is well established that hypertension is prevalent not only among developed nations but also in developing countries [1] [2] [3] . The available data for several countries in the Eastern Mediterranean Region indicates that hypertension and its associated complications constitute an important cause of morbidity and mortality [4, 5] . It has also been reported that well-established risk factors for cardiovascular diseases such as obesity, high serum cholesterol, diabetes and smoking pose a greater risk in those with hypertension than in those with normal blood pressure (BP) levels [6] .
In Morocco, the high prevalence of hypertension is a serious public health problem. The results of the 2000 national survey on cardiovascular disease risk factors showed that 33% of individuals aged 20 years and over had hypertension [3] . With knowledge of the principle risk factors of hypertension, the segments of the population most exposed, as well as the rate of its increase in Morocco, an effective strategy to combat hypertension and its associated complications can be initiated.
The objective of this study was to identify the principal risk factors for hypertension and to determine the rate of detection, treatment and control of hypertension in a representative sample of the Moroccan population.
Methods
Population and sample
The survey conducted in 2000 used a representative sample of the Moroccan population aged 20+ years. The sample selection was conducted through a multi-stage clustering technique. A total of 2000 people were selected from 100 communes, in clusters of 20 persons per commune. Morocco is divided into 68 administrative provinces and prefectures, each of which is composed of several communes. The number of clusters selected at random in a province or prefecture was proportional to the number of its inhabitants. Likewise, the number of clusters selected at random in urban and rural areas was proportional to the distribution of the Moroccan population in urban and rural areas, i.e. 53% and 47% respectively. Twenty (20) households were selected at random from each commune included in the survey, and 1 person aged 20+ years from each household was selected at random to take part in the survey. Pregnant women and bed-ridden terminally-ill people were excluded.
Data collection
Data collection took place at the participants' place of residence. On the first day of the survey the investigator filled in the questionnaire and took the BP and anthropometric measurements of the respondent. A blood sample was taken the next day in order to determine serum glucose, total cholesterol and high-density lipoprotein (HDL) cholesterol levels. The blood sample was centrifuged within the following hour and sent to the laboratory at the Moroccan League for the Prevention of Cardiovascular Disease at the Ibn Sina Hospital in Rabat. The methodology of this survey was reported in detail in a previous article [3] .
The survey questionnaire included questions on demographic data (age, sex, place of residence, level of education), socioeconomic status (monthly income, occupation), personal and family history of hypertension, diabetes and hypercholesterolaemia, as well as questions regarding smoking habits, alcohol consumption, physical exercise and dietary habits.
Socioeconomic status was classified based on type of residence and monthly ٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ income as: satisfactory (residence in a villa and/or monthly income > US$ 500), low (residence an apartment/traditional house and/or monthly income US$ 300-500) or very low (residence in a shantytown/rural house and/or monthly income < US$ 300).
Smoking and alcohol use were defined as: non-smoker (never smoked cigarettes), smoker (current smoker) or ex-smoker (quit smoking) and non-drinker (never drank alcohol), drinker (current drinker of alcohol) or ex-drinker (quit drinking).
Body mass index (BMI) was defined as: normal (< 25 kg/m 2 ), overweight (≥ 25 to < 30 kg/m 2 ) or obese (≥ 30 kg/m 2 ). Waist size and hip size were measured at the beginning of the great trochanter and the beginning of the umbilicus respectively. Waist size was defined as: normal (men < 88 cm; women < 80 cm), high (men ≥ 88 to < 102 cm; women ≥ 80 to < 88 cm) or very high (men ≥ 102 cm; women ≥ 88 cm). The waist-hip ratio (WHR) as a measure of abdominal obesity was defined as: normal (men < 1; women < 0.85) or high (men ≥ 1; women ≥ 0.85).
Physical activity was defined as: vigorous (accelerated breathing), moderate (rhythmic breathing) or walking. Only physical activity that lasted > 10 minutes was considered. Each activity was measured in terms of average time spent/day (minutes).
Data about diet was based on the frequency of consumption of the main foods habitually consumed by the Moroccan population: frequently (1+ times per week), moderately (< 1 time per week) or rarely (< 1 time per month).
If one of the parents of the participant was known to have hypertension, the person was considered to have a family history of hypertension. A person was considered diabetic if his/her fasting blood sugar was ≥ 1.26 g/L and/or s/he took medication for diabetes. Hypercholesterolaemia was defined as cholesterol level ≥ 2.00 g/L and low HDL cholesterol as ≤ 0.29 g/L for men and ≤ 0.35 g/L for women.
Measurement of hypertension
Hypertension was measured using a Vaqueztype sphygmomanometer. BP measurements were taken from both arms with the subject in a sitting position after a 10 min rest, after which a 3rd BP measurement was taken from the arm with the highest BP. The systolic BP and the diastolic BP values were averaged and done on the same side. A large armband was used when the width of the arm was > 33 cm. A person was considered hypertensive with systolic BP ≥ 140 mmHg and/or diastolic BP ≥ 90 mmHg and/ or under treatment with antihypertensive medication. In our survey, 63 people were taking medication for hypertension.
Statistical analysis
The chi-squared test was used for the comparison of the given categories and the t-test for the comparison of the given means and standard deviation (SD) within groups. A non-conditional logistic regression model was utilized to analyse the association between the risk of hypertension (dependent variable) and the different risk factors of interest (independent variables). During the first analysis, a univariate analysis was conducted in order to select the covariates significantly associated with the risk of hypertension, with an alpha error less than 10%. During the second analysis, a multivariate logistic regression (stepwise logistic model) was utilized in order to study the association between hypertension and the significant risk factors identified in the univariate analysis. Only those variables with a P-value < 0.05 were retained in the final model.
We also examined the interactions between the different risk factors retained in ٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ the final model. The estimated odds ratios (OR) are presented along with the 95% confidence intervals (CI). The analysis was conducted using SPSS, version 10.
Results
In total, 1802 people (90.1%) participated in the questionnaire survey and blood pressure/anthropometric measures (755 men and 1047 women); 1662 of these (92.2%) gave blood samples the next day for serum glucose, total cholesterol and HDL cholesterol levels. The blood sample was insufficient to test HDL cholesterol in 21 people.
Prevalence of hypertension
The prevalence of hypertension was 39.6% and 33.6% after standardizing for the Moroccan population by age and by sex (men 30.2%; women 37.0%) [3] . The prevalence of hypertension increased significantly with age in both sexes ( Figure 1 ) from 17.5% among those aged 20-29 years (men 17.5%; women 17.4%) up to 73.9% among those 70+ years (men 71.4%; women 77.2%).
Women had significantly higher mean systolic and diastolic BP levels than men (systolic 134.0 versus 131.3 mmHg, P = 0.017; diastolic 78.7 versus 76.0 mmHg, P = 0.0002). Systolic and diastolic BP increased with age in both sexes. For men, mean BP was 123.2/72.2 mmHg in those aged 20-29 years and 148.3/81.6 mmHg in those 70+ years, reflecting an increase in systolic BP of 20% and an increase in diastolic BP of 13%. Among women, the mean values were 120.6/72.0 mmHg and 157.0/87.3 mmHg respectively in those 20-29 years and 70+ years, reflecting a 30% increase in systolic BP and 21% increase in diastolic BP.
The distribution of hypertensives and non-hypertensives in the population according to the measured variables is presented in Tables 1 and 2 . Mean age was 50.6 years 
Risk factors for hypertension
The univariate analysis indicated an increased risk of hypertension among rural residents, widowers and individuals with low levels of education. The risk of hypertension was positively associated with age, BMI, waist size and WHR. Hypertension was also positively associated with diabetes, high cholesterol and lowered levels of HDL cholesterol. Those without hypertension more frequently consumed fish, lamb, chicken, eggs, beans and dried fruits. The risk of hypertension was lower among those who smoked cigarettes, drank alcohol and participated in more physical activity or walking, and was not based on socioeconomic status or family history of hypertension. The multivariate analysis indicated that age, place of residence, BMI, waist size, diabetes, high cholesterol, walking, the consumption of fish and fresh fruits were all independent risk factors associated with Table 3 ). The risk of hypertension increased with age. Hypertension was 8 times more likely among those age 65+ years compared with those 20-34 years old (P < 0.001). The risk of hypertension increased among rural residents (OR = 1.42). The risk of hypertension increased by 36% among overweight individuals and 79% among obese individuals, compared with those of a normal weight. Similarly, the risk of hypertension increased by 77% and 130% respectively when waist size was high and very high. The risk of hypertension was 1.7 times higher among diabetics and 1.4 times and 1.9 times higher respectively when cholesterol levels were 2.0-2.2 g/L or > 2.2 g/L. Individuals who consumed fish and fresh fruits at least once per week were at low risk for hypertension (43% and 31%, respectively) than those who consumed these items less than once per month (the reference category).
٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
Walking was also associated with a low risk of hypertension. The decrease in risk was 36% for those who walked 30-60 min/ day and 46% for those who walked more than 60 min daily. Sex, level of education, marital status, drinking alcohol, smoking and moderate or intense physical activity were not significantly associated with the risk of hypertension.
Treatment of hypertension
In our survey, 156 (21.9%) of those with hypertension had been diagnosed beforehand (men 13.5%; women 27.3%) and 63 of those (40.4%) were taking antihypertension medication (men 26.3%; women 44.9%). Only 8/63 (12.7%) cases with hypertension and under antihypertension treatment were controlled (i.e. BP < 140/90 mmHg) (men 20.0%; women 11.3%). Thus of those with hypertension, only 8.8% were under medical treatment (men 3.6%; women 12.3%) and only 1.1% were controlled (men 0.7%; women 1.4%).
Discussion
Our study has the advantage of using a representative sample of the Moroccan population and including a number of potential important risk factors of hypertension.
Similar to other studies, the risk of hypertension increased with age [7] [8] [9] [10] [11] [12] . This progressive increase is linked with rising systolic BP, increasing with age to an average value close to 140 mmHg in the 7th decade [13] .
The rural population was more at risk of hypertension. In the first report we suggested a possible link between stress and rural residence, the majority of such residents work in agriculture, due to the drought in Morocco over the past 2 decades [3] . Stress is known to be a risk factor of hypertension, but other studies are necessary to confirm or refute this [14] .
The prevalence of hypertension in our survey was slightly higher among women [3] . However, multivariate analysis indicated that women did not have a higher risk of hypertension than men. Similarly, marital status, level of education and socioeconomic ٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬ status, as defined in our study, were not significant risk factors for hypertension in the multivariate analysis. But in other studies a high risk of hypertension has been associated with low education level [10] and with a higher socioeconomic status [15] .
Many studies have examined the effect of smoking on the prevalence of hypertension. In our study, smoking was not a significant risk factor for hypertension. A similar result was found in the study of Mohsen Ibrahim in Egypt [16] . Certain studies indicate that smokers and ex-smokers are more at risk [17] [18] [19] . It has also been suggested that BP among ex-smokers is higher than that of smokers as well as those who have never smoked [20] . The increased risk of hypertension among ex-smokers has been attributed to the number of cigarettes smoked daily prior to cessation of smoking and not to the duration of smoking [21] . Recently, it was suggested that smoking was associated with an increase in systolic BP among older men and not among women [22] and an increase in the incidence of hypertension [23] . Other studies have indicated an inverse relationship between smoking and BP and the risk of hypertension [7, 14, 20] . These contradictory results indicate that the relationship between smoking and hypertension is complicated. This is further complicated by the finding that those who smoke may consume a different diet from those who do not smoke [24] . However, it is important to note that the relationship between other factors may contribute to the risk of hypertension, such as the age at which one starts smoking and the time elapsed since smoking cessation.
The positive association between obesity and hypertension observed in our study has been reported in numerous studies [8, [10] [11] [12] 14, 16, 19, 25, 26] . The Framingham study indicated that 70% of new-onset hypertension may be attributed to obesity or weight gain [25] . The mechanism through which obesity and BP are related has yet to be fully elucidated. Resistance to insulin and peripheral hyperinsulinaemia due to overweight and obesity play a role in the development of hypertension [27] .
Waist size reflects abdominal obesity and is considered a good indicator of obesity. The positive association observed in our study between waist size and hypertension has been reported in other studies [12, 15, 16, 28] . Some of those studies indicated that abdominal obesity was a risk factor for hypertension independently of BMI [12, 15, 28] . Ledoux reported that obesity (BMI) and the abdominal distribution of fat (waist size or WHR) are equally associated with the presence of hypertension [29] . Similar to the study by Perez [14] , physical activity was not associated with the risk of hypertension in our study. However, walking did seem to have a protective role against hypertension. In the study of Singh et al. in India, lower physical activity was weakly but significantly associated with hypertension [15] .
The results of our study confirm those of similar studies which indicate that there is an increased risk of hypertension among diabetics [14, 16, 26] and those with hypercholesterolaemia [16] . The association between hypercholesterolaemia and the risk of hypertension may explain some of the mechanisms: first, hypertension and hypercholesterolaemia are linked to atherosclerosis which is associated with reduced vascular compliance [30] ; secondly, high cholesterol is associated with vascular diseases, which are linked to changes in the endothelium [31, 32] ; thirdly, food rich in fat and cholesterol may cause a disturbance in the metabolism of prostaglandins [33] ; and fourthly, hypertension and hypercholesterolemia are present in familial dyslipidaemia and hypertension [34] .
٢٠٠٩ ،٤ ‫ﺍﻟﻌﺪﺩ‬ ‫ﻋﴩ،‬ ‫ﺍﳋﺎﻣﺲ‬ ‫ﺍﳌﺠﻠﺪ‬ ‫ﺍﻟﻌﺎﳌﻴﺔ،‬ ‫ﺍﻟﺼﺤﺔ‬ ‫ﻣﻨﻈﻤﺔ‬ ‫ﺍﳌﺘﻮﺳﻂ،‬ ‫ﻟﴩﻕ‬ ‫ﺍﻟﺼﺤﻴﺔ‬ ‫ﺍﳌﺠﻠﺔ‬
In our study, drinking alcohol was not significantly associated with hypertension, similar to the results of Perez et al. [14] , although other studies have found an association [7, 25, 35] . A Japanese study found not only a dose-effect relationship between the quantity of alcohol consumed and the level of BP but also a higher prevalence of hypertension among heavy drinkers of alcohol [35] . Another study showed that BMI and the consumption of alcohol are strong predictors of hypertension [25] .
The frequent consumption of fresh fruit and fish seems to have a protective role against hypertension. Sacks et al. suggested that consumption of fresh fruits and vegetables are associated with a low risk of hypertension [36] . A number of studies indicate that fish has a protective effect against coronary artery disease [37] [38] [39] but there are few available data concerning the relationship between the consumption of fish and BP. Similar to the study conducted by Perez et al [14] , the consumption of animal products high in fat were not found to be associated with an increased risk of hypertension. Concerning the relationship between the risk of hypertension and the other foods, few data are available in the international literature.
In this study, family history of hypertension was not found to be associated with hypertension. This contrasts with a number of other studies indicating a positive association suggesting a hereditary component to hypertension [14, 19, 26] .
The detection rate for hypertension (1 in 5 patients) and the proportion under treatment for hypertension (26% for men and 45% for women) remains very low in Morocco. This situation is of further concern because only 1 in 8 patients under medical treatment had a normal level of BP. According to our study, of 100 people with hypertension only 1 had their BP controlled. The reduction in the prevalence of hypertension and its associated complications requires the reduction of the known risk factors and early and adequate assistance for hypertensive patients. It is important to educate the population, in particular those at high risk (obese, diabetic, sedentary lifestyle, etc), who must be identified and assisted.
Our study had certain limitations. The measures of BP were only taken during 1 visit, thus it was not possible to confirm with complete certainty the presence of hypertension among those with elevated BP [18] . The number of cigarettes smoked per day, the quantity of alcohol consumed and the duration of smoking and drinking alcohol were not measured. The food consumption evaluation, which measured the frequency of consumption of certain foods, was an imprecise measure and may have introduced bias, as people in the survey may not have remembered or may not have wanted to declare what they ate and because the quantity of the different foods consumed and nutrient content (carbohydrates, fats, etc.) were not taken into account.
Conclusions
The study results suggest that to reduce the prevalence of hypertension among the Moroccan population necessitates a reduction of certain risk factors, notably obesity and high serum cholesterol, but also the promotion of a healthy lifestyle with regular walking and a balanced diet rich in fresh fruits and fish.
The percentage of individuals with hypertension who are diagnosed and treated is low in Morocco and greater efforts are needed to improve the situation in order to reduce the complications associated with hypertension, most notably stroke.
